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(57) ABSTRACT

A flexible electrical line has at least one sensor element with
two leads 1n a core, the leads made from 1nsulated electrical
conductors which are surrounded by a common outer casing
of mnsulation material. The core 1s three phase leads of a
conductor and insulation which are stranded together for
energy transmission. The conductors of the leads are copper
wires which surround a tension-proof central element 1n two
layers with oppositely directed threading direction. The 1nsu-
lation of the leads 1s a cross-linked elastomer material applied
by extrusion with a dielectricity number of at least 6.0 at room
temperature. The unit, composed of leads and filler strands of
the sensor element, 1s surrounded by a casing of an electri-
cally conductive polymer material, and the core of the line 1s
surrounded by a common inner casing produced by extrusion
over which 1s arranged the outer casing.

7 Claims, 1 Drawing Sheet




Dec. 3, 2013 US 8,598,457 B2

S. Patent

-
4+ v bk Ak ord
* v rr v+ FFrFrr ¥ FF

LN 1, L)
=
+ v+ T wT AT ToT
n -
- +
-
d ' E
- T L]
-3 + +
- 1
- r T

.

-,

B o

- a

A N
.. ‘ S
¥ , —— s ‘? {"""‘"
1 ;\..- ". 'i-'*-ﬁ:
' M 0
r N "

ar

..r---*-w
' :
h ' H
: ! £
: g\- v
*"l.—ﬂ'- - ! 2 - -
- e

o "'-\-.-__.-'-".br L‘
i- . “_,.ﬁ..:‘ S
. !
{ -‘t:-.-'.i » ‘P". & i gy R F
M"t‘ ] r
* I 4 .
L--H'-—- . : ] ] '
i : 4 :'..r.-..--.‘r!""‘-'-
| i
'.I
; .'\\ ] -

!



US 8,598,457 B2

1
FLEXIBLE ELECTRICAL LINE

RELATED APPLICATION

This application claims the benefit of priority to European >
Patent Application No. 11 305 227.8, filed on Mar. 3, 2011,
the entirety of which 1s incorporated by reference.

BACKGROUND
10
1. Field of the Invention
The 1invention relates to a flexible electrical line which in a
core has at least one sensor element and leads consisting of
isulated electrical conductors which are surrounded by a
common outer casing of insulation maternal, 1n which the 15
sensor element consists of respectively two leads each having
an 1nsulated electrical conductor with a tension-proof central
clement which, together with two filler strands consisting of
insulation material are stranded into a unit which 1s sur-

rounded by a banding of insulation material, over which a 20
casing 1s arranged (DE 10 2006 015 878 Al).

2. Description of Related Art

Lines of this type can be used, for example, 1n large crane
systems which move around 1n a harbor area, for example,
along a rail system. The line 1s wound onto a coil which 1s 25
rotatably mounted, for example, on a crane. It 1s coiled on and
off when loads or the entire crane are moved. During this
procedure, tension loads may act on the line, particularly
when a change of the direction of rotation of the coil occurs,
and during start-up and/or deceleration. The tensile loads may 30
also be detected and may be indicated by a sensor element
contained 1n the line and displayed.

The known tlexible line according to the above-mentioned
DE 10 2006 015 878 Al has a centrally arranged sensor
clement whose capacity values change 1n dependence on the 35
tensile load of the line. These changes can be measured and
used for influencing the drive of the coil onto which the line 1s
being wound, 1n order to achieve areduction of the load acting
on the line. In this line, two layers of control leads are stranded
onto the sensor element, wherein the control leads are sur- 40
rounded by an outer casing of insulation material. For
example, by means of the control leads, signals can be trans-
mitted to a crane or for the drive of the coil onto which the line
1s being wound. In the same manner, 1t 1s possible to supply
through the control leads a voltage of at most 1 kV to a crane 45
installation. The sensor element has a pair of leads composed
of two msulated conductors. Each lead thereof consists of a
core element of a tension-proot synthetic material, a layer of
copper wires stranded onto the core element, and a layer of a
compressible insulation material which surrounds the layerof 50
copper wires. The pair of leads 1s stranded together with two
filler strands which consist of polyethylene terephthalate
yarns. The sensor element 1s surrounded by a casing of syn-
thetic material.

55
OBJECTS AND SUMMARY

The 1invention 1s based on the object of further developing
the above-described line 1n such a way that an energy trans-
mission on the middle voltage level with voltages above 1 kKV 60
1s facilitated, while simultaneously increasing the response
sensitivity of the sensor element.

In accordance with the mnvention, this object 1s met in

that in the core of the line are arranged as electrical leads,

three phase leads which are stranded together and serve 65
for the transmission of energy with voltages above 1 kV,
wherein the phase

2

that the conductors of the leads of the sensor element
consist of copper wires which surround the tension-
prool central element 1n two layers with oppositely

directed stranding directions,

that the insulation of the leads of the sensor element 1s
composed of a cross-linked elastomer material with a
dielectricity number of at least 6.0 at room temperature,
wherein the elastomer material 1s applied by extrusion,

that the unit of leads and filler strands which are stranded
together are surrounded by a casing of an electrically
conductive polymer material, and

the core of the line consisting of phase leads and the sensor

clement 1s surrounded by a common internal casing
produced by extrusion, wherein the outer casing 1s
arranged over the inner casing.

This line has three phase leads which are stranded to each
other by means of which an energy transmission of voltages
above 1 kV 1s possible. The voltages used are advantageously
in the so-called middle voltage level between 1 kV and 45 kV.
By means of these phase leads, 1t 1s possible to supply a plant
connected to the line, for example, a crane system, with
clectrical current without any other connections. Because of
the selected construction of the conductors of the strand of the
leads of the sensor element with two layers of stranded copper
wires, the radial dimensions of the leads can be reduced, with
the size of the electrically conducted cross-section of the
conductors remaining unchanged. Consequently, the total
radial dimensions of the sensor element can also be reduced,
so that the sensor element can be arranged advantageously,
for example, centrally between the phase leads. The copper
wires may advantageously be galvanized.

Because of the described construction, the sensor element
additionally has improved electrical properties and, thus,
increased response sensitivity. On the one hand, the conduc-
tive casing of the sensor element reduces electrical interter-
ence inftluences from outside the sensor element. On the other
hand, because of the material of the insulation of the leads,
which has a high dielectricity number of at least 6.0 at room
temperature, the capacity between the two conductors 1s sig-
nificantly increased, so that a faster and more precisely mea-
sureable change of this capacity occurs as a result of a tensile
load, acting on the line. The dielectricity number of the mate-
rial of the insulation of the leads 1s advantageously atleast 6.5
at room temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the subject matter of the mvention are
illustrated in the drawings.

In the drawings:

FIG. 1 1s a cross-sectional view of a line according to the
invention.

FIG. 2 1s an illustration of the sensor element present in the
line according to FIG. 1, on a larger scale.

FIG. 3 shows a detail of FIG. 2, on an even larger scale.

FIG. 4 15 a cross-sectional view of a line which deviates
from the embodiment according to FIG. 1.

DETAILED DESCRIPTION

Three phase leads are denoted by 1, 2 and 3, by means of

which energy can be transmitted, preferably in the middle
voltage level with voltages which are above 1 kV. The three
phase leads 1, 2 and 3 each have an electrical conductor 4
which 1s surrounded by an inner conductive layer 3, wherein
insulation 6 1s placed on the conductive layer 5. For simplici-
ty’s sake, this configuration 1s shown in the drawing only for
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phase lead 1. It 1s also applicable to phase leads 2 and 3.
Advantageously, the conductors 4 are each constructed as
conductor strands with wires consisting ol copper, wherein
the wires may also be galvanized. Over the conductors 4,
additionally a banding of an electrically conductive non-wo-
ven fiber material may be arranged onto which the inner
conductor layer 5 1s applied, for example, by extrusion. For
example, the conductive layer consists of a polymer material
which has been rendered electrically conductive by the addi-
tion of soot.

In all three phase leads 1, 2 and 3, the 1nsulation 6 advan-
tageously consists of a material on the basis of ethylene-
propylene-rubber (EPR). The insulation 6 1s extruded around
the inner conductive layer 5. An outer extruded conductive
layer may additionally be arranged, wherein the outer con-
ductive layer 1s constructed in the same manner as the inner
conductive layer 3.

In addition to the three phase leads 1, 2 and 3, the line
according to FIG. 1 comprises a sensor element S and the
three filler elements which are located 1n the spaces between
the phase leads 1, 2 and 3 and, as a result of which, the line
according to FIG. 1 has an approximate circular cross-sec-
tion. The construction of the sensor element S 1s 1llustrated in
FIGS. 2 and 3. The filler element 7 can basically be con-
structed as desired. Advantageously, at least one of the filler
clements 7 1s a protective conductor.

Phase leads 1, 2 and 3, sensor element S and filler elements
7 are stranded together as stranded elements. The stranded
clements are surrounded by an inner casing 8 which 1s pro-
duced by extrusion and which has an approximately cylindri-
cal outer surface. The imnner casing 8 may be constructed of an
iner layer which fills out the spaces between the stranded
clements and of electrically conductive rubber mixture, as
well as of an electrically nonconductive mnsulating layer as an
outer layer arranged over the inner layer. A fabric 9 serving as
torsion protection can be arranged around the 1nner casing 8,
wherein, for example, the fabric 9 consists of polyester
threads. Placed over the fabric 9 1s an outer casing 10 pro-
duced by extrusion and advantageously consisting of a rubber
mixture which may consist of a material on the basis of
chlorinated rubber.

In the embodiment of the line according to FIG. 1, the
sensor element S 1s located centrally between the phase leads
1.2 and 3. It consists of two leads 11 and 12 of which each has
a central tension-proof element 13 over which the respective
clectric conductor 1s arranged. The tension-proof element 13
1s constructed, for example, of polyamide threads. The con-
ductors of the leads 11 and 12 each consist of two layers 14
and 15 of copper wires which are mounted with an oppositely
directed stranding direction. The inner layer 14 1s placed
around the tension-proot element 13, while the outer layer 135
1s stranded around the mner layer 14 (FI1G. 3). Arranged over
the conductors of the leads 11 and 12, 1s an insulation 16 of an
clectrically high-grade material produced by extrusion. The
insulation consists advantageously of a cross-linked, polymer
material with a dielectricity number of the insulation 16 of at
least 6.0 at room temperature. In accordance with a preferred
embodiment, the dielectricity number of the insulation 16 1s
at least 6.5 at room temperature.

Arranged 1n the spaces between the leads 11 and 12 are two
filler strands 17 and 18 which are stranded together with the
leads 11 and 12. They consist, for example, of polyethylene
terephthalate threads. The threaded unit of leads 11 and 12 as
well as filler strands 17 and 18 1s surrounded, for example, by
a layer of polyester non-woven fabric over which 1s arranged
a layer of a polyethylene terephthalate 101l 19. Over the 101119
1s arranged a casing 20 produced by extrusion and consisting
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of an electrically conductive polymer material. Instead of the
polyester fabric, 1t 1s also possible to use a non-woven fabric
of copper threads or a copper fabric over which the foil 19 1s
then placed. The sensor element S then has an improved
clectrical screening.

The sensor element S may also have 1n the configuration of
the line a position which deviates from that in FIG. 1. In
accordance with FIG. 4, which only shows the stranding
clements 1n a schematic view without the layers surrounding
them, the sensor element S can be stranded 1n a non-central
position 1n a space between the phase leads 1, 2 or 3. In this
embodiment of the line, once again three filler elements 7 are
present, wherein one of which serves as a core element. The
two other filler elements are located 1n the remaining spaces
between the phase leads 1, 2 and 3. The remaining configu-
ration of the line corresponds to the configuration of the line
according to FIG. 1.

The invention claimed 1s:

1. A flexible electrical line, comprising:

1n a core, at least one sensor element; and

leads composed of insulated electrical conductors which

are surrounded by a common outer casing of insulation
material,

wherein the sensor element 1s composed of always two

leads each having an 1nsulated electrical conductor with
a tension-prooi central element, which are stranded
together into a umt with two filler strands composed of
insulating material,

wherein the unit 1s surrounded by a banding of insulation

material over which a casing 1s arranged,

wherein, arranged 1n the core of the line, are arranged as

clectrical leads, three phase leads, which are stranded
together and serve for transmitting energy with voltages
above 1 kV, wherein the phase leads each have at least
one mner conductive layer surrounding the conductor
and an isulation above the conductor layer,

wherein the conductors of the leads of the sensor element

are composed of copper wires which surround the ten-
sion-proodi central element 1n two layers with oppositely
directed stranding directions,

wherein the insulation of the leads of the sensor element 1s

composed of a cross-linked elastomer material which 1s
applied by extrusion and has a dielectricity number of at
least 6.0 at room temperature,

wherein the unit of leads and filler strands which are

stranded together are surrounded by a coating of an
clectrically conducted polymer material, and

wherein, the core of the line composed of phase leads and

sensor element 1s surrounded by a common inner casing,
produced by extrusion, above which the outer casing 1s
arranged.

2. Line according to claim 1, wherein the copper wires of
the conductors of the leads of the sensor element are galva-
nized.

3. Line according to claim 1, wherein the unit of stranded
leads and filler strands of the sensor element are surrounded
by a non-woven fabric of copper threads over which 1s
arranged a polyethylene terephthalate foal.

4. Line according to claim 1, wherein the unit of stranded
lines and filler strands of the sensor element 1s surrounded by
a woven fabric of copper, wherein a polyethylene terephtha-
late fo1l 1s arranged over the copper fabric.

5. Line according to claim 1, wherein the inner casing 1s
composed of an mner extruded rubber guide layer and a layer
of electrically nonconductive insulation material arranged
over the mner casing.
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6. Line according to claim 1, wherein the inner casing 1s
surrounded by a fabric serving as torsion protection.

7. Line according to claim 1, wherein the outer casing 1s
composed of a material on the basis of chlorinated rubber.

% x *H % o
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